Foodborne diseases continue to be a global public health problem with an estimated 600 million people falling ill annually. In return, international standards are becoming stricter which poses challenges to food trade. In light of the increasing burden of foodborne diseases, many countries in the Middle East and North Africa (MENA) region have upgraded their food laws and undertaken changes to the organizational structure of their regulatory institutions to maintain or expand international export activities, tighten control on local and imported products, and protect consumers' health. However, until this date, the published information on the regional health burdens of foodborne diseases is very limited and it is not clear whether the recent changes will serve towards science-based and effective preventive functions and the adoption of the risk management approach. In this review, we summarize the recent food safety issues and the national food control systems of selected countries in the region although we were challenged with the scarcity of information. To this end, we examined the national food safety systems in the context of the five essential elements of the FAO/WHO Guidelines for Strengthening National Food Control Systems. These five elements-food law and regulations; food control management; inspection services; laboratory services; food monitoring; and epidemiological data, information, education, communication, and training-constitute the building blocks of a national food control system, but could also serve as tools to assess the effectiveness of the systems.
Introduction
Foodborne diseases (FBD) are a global public health issue that has major impacts on human health, livelihoods, and health care systems, but also affecting international trade through national control strategies by the implementation of food laws and regulations. With constant changes in the global food trade dynamics, food consumption behaviors, food production environment and processes and emergence and re-emergence of foodborne pathogens and chemical contaminants entering the food chain, FBD continues to be a growing problem. An estimated 600 million people, almost 1 in 10 people in the world, fall ill annually for consuming contaminated food, with diarrheal diseases being the most common form of these illnesses [1] .
Thirty-one foodborne hazards have been identified as major causative agents resulting in 33 million DALYs worldwide, a similar order of magnitude as the 'big three' infectious diseases (HIV/AIDS, salinization through the invasion of aquifers by seawater [10] . In this sense, given the climate change effect on weather and precipitation patterns, the MENA region is projected to see more frequent and severe droughts [11] , in addition to rising challenges in food safety due to increasing temperatures and unregulated use of wastewater for agriculture and food production [12] .
Where there is epidemiological information, the incidence of FBD in the region is reportedly linked to the safety of water used during food processing and production, food handling and agricultural practices (uncontrolled use of agricultural chemicals), lack of adequate food storage infrastructure, and poor enforcement of regulatory standards [13] . Accessibility to safe water and sanitation is impeded by the constant conflicts in the region. Persistent political turmoil in the MENA region complicates chances for progress being in a country that is bordering a war crisis or a country that is taking part in seemingly everlasting conflict (e.g., Lebanon, Jordan, Palestine, Yemen, Libya, and Egypt). Eight of the nineteen MENA states are among the fifty most unstable countries globally and four (Syria, Libya, Yemen, and Iraq) are considered as "failed states" due to the constant war crisis [14] . Eventually, the sub-regional variation in prosperity and stability reflects on the food safety governance and the magnitude of challenges. High-income countries (e.g., Oman, UAE, Saudi Arabia, and Kuwait) endowed with an economic strength primarily derived from oil reserves showed remarkable progress in their national food control systems and in terms of investment in water resources and food production [13] .
The growing population, weak agricultural production and severe constraints on arable land and water scarcity make the GCC largely dependent on food imports. This together with the rising number of FBD forced these countries to strengthen their food control management systems and to undertake considerable reform to their existing systems (this is discussed in the next sections), while others (low-and middle-income countries) lag behind due to war crisis, political upheavals, and rampant corruption (e.g., Libya, Yemen, Syria, and Lebanon). Poor government, economic regression, and corruption by officials triggered the outbreak of the "Arab spring" revolutions [15] . Uprisings are continuing today such as in Lebanon [16] with devastating impacts on the economy which in turn has set the public health system and all other issues relating to food laws and regulations to a low priority.
In this review, we summarize the recent data on FBD in the region, trends and developments in national prevention and control systems while discussing the compliance of the MENA states with the five elements of the National Food Control System (NFCS) based on the FAO/WHO guidelines [17] . These elements are being used as a roadmap to determine future needs in the context of the risk management framework for the effective prevention of FBD in selected MENA countries.
The importance of this review lies in the fact that the MENA countries are of great importance for Europe given the geographic proximity and longstanding political and economic ties [14] . Despite the non-competitive position of the region with respect to the global food export market being primarily reliant on food imports, there is a positive correlation between migration and trade and that includes food trade from immigrants' home countries which have been reported in several European countries [18] . However, there is limited information on the food safety aspects of food imports that occur in tandem with the influx of immigrants.
Method
The sparse information on foodborne outbreaks in the MENA region led us to include not only peer-reviewed articles, but also research reports, books, media reports and news in English and Arabic, official reports, news and fact sheets published on governmental portals (local health authorities and local ministries of each country, including ministries of health, agriculture, and consumer protection), and conference proceedings. However, we recognize the importance of relying on credible information and materials that meet scientific standards, and we excluded those containing conflicting data, poor and unclear interpretations. Key-word searches were conducted using combinations of keywords in bibliographic databases: PubMed, Sciencedirect, CAB Direct and Global Health Library (WHO), Web of Science, Scopus, and GoogleScholar were used for the literature search. The search was further developed through the snowballing technique, i.e., by checking the references of the articles yielded by the initial search.
An additional search was conducted online for general publications and published news on food safety in each of the countries.
The Pillars of a Risk Management Approach
In the light of continuous numbers of foodborne disease outbreaks and the various opportunities for food contamination throughout the global food chain, the primary goal of national food authorities is to protect public health by adopting a preventive approach for controlling food safety risks through the selection and implementation of measures that are appropriate to the risks. The traditional food safety systems tend to be reactive to events such as outbreaks and recalls, rather than being established to identify potential problems before their occurrence. The food market is globalized and characterized by complex food supply chains, competitive trade, rapidly evolving food production technologies which can lead to risks of emerging pathogens and food hazards spread beyond local boundaries. Unfortunately, traditional food safety systems are not designed to detect and identify them, and to limit the presence of pathogens and toxins.
For almost six decades and unlike in many MENA countries, the science-based approaches build on the basis of identifying and analyzing the likelihood of hazards being present in foods, and on determining the appropriate control and preventive measures are adopted in the developed countries to reduce foodborne illnesses.
Science-based approaches are regarded as an integral part of risk analysis that is essential to improve food safety systems by strengthening the ability of traditional food safety systems to meet current challenges and provides a framework to collect and analyze the best available scientific information on a hazard that presents a risk to people, animals or plants in a certain country, region or even globally [19] . It is defined by Codex Alimentarius as a process consisting of three components: Risk assessment, risk management, and risk communication ( Figure 1 ) [20] Int. J. Environ. Res. Public Health 2020, 17, x FOR PEER REVIEW 4 of 26 literature search. The search was further developed through the snowballing technique, i.e., by checking the references of the articles yielded by the initial search. An additional search was conducted online for general publications and published news on food safety in each of the countries.
Science-based approaches are regarded as an integral part of risk analysis that is essential to improve food safety systems by strengthening the ability of traditional food safety systems to meet current challenges and provides a framework to collect and analyze the best available scientific information on a hazard that presents a risk to people, animals or plants in a certain country, region or even globally [19] . It is defined by Codex Alimentarius as a process consisting of three components: Risk assessment, risk management, and risk communication ( Figure 1 ) [20] Figure 1. Components of the risk analysis approach. Source [21] .
The scope of this review does not cover these risk analysis components, rather taps on two main issues:
The first is that the FAO report [22] has stressed that the management of food safety systems should be based on risk analysis with an integrated farm-to-table approach and it recommends the application of the Codex Alimentarius Commission (CAC) working principles [23] . This is important because the risk management has a key role in identifying food safety problems and considering the suitable policy alternatives to accept, minimize or reduce assessed risks by implementing appropriate interventions and control options. In the risk management phase, the decision-makers need to consider a range of other information in addition to the scientific risk assessment. These include, for example, most effective risk reduction actions depending on the part of the food supply chain where The scope of this review does not cover these risk analysis components, rather taps on two main issues:
The first is that the FAO report [22] has stressed that the management of food safety systems should be based on risk analysis with an integrated farm-to-table approach and it recommends the application of the Codex Alimentarius Commission (CAC) working principles [23] . This is important because the risk management has a key role in identifying food safety problems and considering the suitable policy alternatives to accept, minimize or reduce assessed risks by implementing appropriate interventions and control options. In the risk management phase, the decision-makers need to consider a range of other information in addition to the scientific risk assessment. These include, for example, most effective risk reduction actions depending on the part of the food supply chain where the problem occurs, the feasibility of controlling a risk socio-economic effects, environmental impact, a wide range of other factors legitimate to the matter under consideration [1, 19] .
The second is highlighting that risk analysis requires modern food safety and public health institutions and infrastructure, as well as an overall environment that values and supports the risk analysis paradigm [19] . Hence, the adoption of a risk management approach requires developing and improving components of food safety systems (i.e., food safety policies and food legislation, food inspection, laboratory analysis, epidemiological surveillance of food-borne diseases, monitoring systems for chemical and microbiological contamination in foods, and information, education, and communication) and is essential for an effective system capable to deal with current challenges in food safety.
The CAC has been responsible for developing these components, standards, guidelines and other recommendations on the quality and safety of food to protect the health of consumers and to ensure fair practices in food trade. The United Nations Food and Agriculture Organization (FAO) and WHO have jointly published guidance on the strengthening of national food control systems [17] and more recently, the CAC published the "Principles and Guidelines for National Food Control Systems" [24] . These guidelines provide information for government agencies to assist in the development of national food control systems (NFCS) and to promote effective collaboration between stakeholders involved in the management and control of food safety and quality. However, different risk management decisions could be made at national levels according to different criteria and different ranges of risk management options.
According to the guidelines, the five pillars of the NFCS are essential to protect the health and safety of domestic consumers ( Figure 2 ) and to ensure there is an effective oversight system for the food supply [17] . However, the adoption of these five components is often deterred by the existence of fragmented legislation, multiple jurisdictions, and weaknesses in surveillance, monitoring, and enforcement [17] . These are common challenges in many countries in the MENA region, notwithstanding that some countries in the MENA region initiated major reforms to their food control systems. These reforms are driven to meet high national and international standards and to ensure consumer health protection in response to the rising challenges in food safety, the strict requirements for food trade, and the expanding tourism industry [25] (this is discussed in forthcoming sections). In the next sections, we discuss current issues and perspectives in food safety and risk management in the region by examining the food safety governance in the context of the five main elements of NFCS.
Food Laws and Regulations
In the last decade, several countries in the MENA region have made substantial improvements in developing entirely new systems for the regulation and oversight of food safety, and much of these developments have been seen in the GCC countries. In recognition of the importance of food safety as a key component in agricultural development and economic sustainability, many of the systems National food control system Nevertheless, the progress is generally not yet at the level of adopting a science-based approach except the industry has been forced to do so due to the competitive conditions for international trade. One of the widely recognized preventive approaches that are formalized by the Codex Committee is Hazard Analysis Critical Control Point (HACCP), a risk-based food safety system, that is applied in the production, processing, and handling of food products. In 1998, the European Union (EU) banned the import of fish and fisheries products from the Gulf States due to non-compliance with the EU's environmental and health regulations based on HACCP resulting in economic losses for GCC exporters [26] . The EU ban was lifted in Oman in 1999 followed by Yemen in 2002 and the United Arab Emirates (UAE) in 2003 once quality management systems based on HACCP had been adopted [26] . The EU had made HACCP compulsory for the fisheries establishments intending to export to the EU. The recommendations of these missions prompted the amendments to regulations to ensure, for export seafood, equivalence to the EU's standards on contaminants, additives, potable water, hygiene, and official controls [27, 28] .
In the next sections, we discuss current issues and perspectives in food safety and risk management in the region by examining the food safety governance in the context of the five main elements of NFCS.
In the last decade, several countries in the MENA region have made substantial improvements in developing entirely new systems for the regulation and oversight of food safety, and much of these developments have been seen in the GCC countries. In recognition of the importance of food safety as a key component in agricultural development and economic sustainability, many of the systems received technical support from international organizations such as the World Health Organization (WHO) and financial assistance from organizations such as US Agency for International Development (USAID) and the World Bank [29] .
The Gulf countries share similar social, political, economic, culture, religion, language, and ancestry with several similarities in their food control systems and food safety programs [25] . As the economies of these countries became interrelated and largely dependent on food imports, the GCC countries have made a major leap in the reform of their national food safety strategies taking an unprecedented interest to protect their local consumers' health by strengthening their food control systems. One of the main achievements was the formation of the regional standardization organization, known as the Gulf Standardization Organization (GSO). GSO was established with the aim to harmonize the GCC Standards and Technical Regulations of member countries (UAE, Bahrain, Saudi Arabia, Oman, Qatar, and Kuwait) based on Codex Alimentarius and in efforts to meet the requirements the Technical Barriers to Trade (TBT) and the Sanitary and Phytosanitary (SPS) Measures Agreements [30, 31] .
Considerable efforts have also been directed towards the unification of the GCC countries' food law. The GCC Committee for Food Safety (a dedicated committee of GCC Food Control Authorities) was mandated to draft a common food safety law for the region to unify the monitoring guidelines and control of imported foodstuff within the region [32] . Meanwhile, the Gulf Rapid Alert System for Food (GRASF) connecting all the members of the GCC states was established in 2012 by the GCC Food Safety Committee to provide means for rapid exchange of information on food alerts and food scares flagging implicated food products to allow prompt regulatory actions [25, 33] Similarly, Oman promulgated a new Food Safety Law in 2008 aiming at safeguarding public health and strengthening consumer safety. The new law provides a legal basis for the government's plans to establish a food management regime. The Ministry of Regional Municipalities and Water Resources, the agency mandated for the enforcement of the new law, has outlined a national framework for ensuring the safety of food. As part of this framework, a national food and drug authority was established with the goal to raise food safety to international standards. The upgrade of the national food safety control system was specifically seen in Saudi Arabia; Saudi Arabia is one of the countries that have been able to comply with Codex Alimentarius and other standards recognized by the World Trade Organization, such as the SPS and TBT, and has adopted a strongly worded resolution that recognizes food safety as an essential public health function.
In North Africa, Tunisia approved a new food safety law which mandates the National Agency of Sanitary and Environmental Control Products (ANCSEP) as a competent authority for food safety risk assessment including GM Food safety assessment (mentioned in the forthcoming section) [34, 35] .
Tunisian food legislations are currently incorporated in several general laws intended to organize the food sector and to protect the consumer (law # 1992 ). According to the Tunisian Ministry of Health, the new law is foreseen to boost export opportunities and ensure the highest level of food hygiene throughout the food chain [35] .
Recently Lebanon passed the food safety law with a view to food sector reform [36] . The law covers all types of food and beverages, including processed foods. It describes the regulatory requirements of food safety from farms to fork and establishes the structure of the public governance of food safety. However, the law is not yet in force, but also Lebanon is still working on the legislation required to enter the World Trade Organization [9] while facing many challenges, i.e., the conflict in Syria and the refugee crisis, in addition to political turmoil, and failure of economic growth. Egypt as well witnesses turbulent times and political conflicts yet started working towards the modernization of the food safety systems, strengthening the capacity of analytical laboratories, and establishment of a food inspection-based risk analysis by establishing the National Food Safety Authority (NFSA) (discussed in the next section) [37] .
Food Control Management
Food control management has been defined as "the mandatory regulatory activity of the enforcement of food laws and regulations by national or local authorities to provide consumer protection and ensure that all foods during production, handling, storage, processing, and distribution are safe, wholesome and fit for human consumption; conform to safety and quality requirements, and are honestly and accurately labelled as prescribed by law" [20] . For successful management of food safety control systems, involvement and partnerships of the various sectors of the economy (producers, traders, industry and government and the contribution of the scientific community) are a pre-requisite [32] .
National food control systems are vital tools in governing the safety and quality of food intended for human consumption. The advancement in the reform of existing food control systems and institutional frameworks in the region is quite recent. It was not until January 2017 when the Egyptian Parliament established the National Food Safety Authority (NFSA) by virtue of the new Law 1/2017 [37, 38] . According to the new law, NFSA shall exclusively assume all the responsibilities and jurisdiction of all ministries, public institutions, government agencies, and municipalities in relation to supervision over the handling of foodstuff with the aim to improve the regulatory oversight and efficiency in the food system [37, 39] . NFSA is the key actor in the Arab Food Safety Initiative for Trade Facilitation (SAFE), a project implemented by the United Nations Industrial Development Organization (UNIDO) with the aim to facilitate regional trade in food/agri-based products through strengthening the regional coordination and harmonization mechanisms on conformity assessment and Food Safety systems in accordance with international standards and best practices [40, 41] .
Similarly, the new federal law on food safety and the Ministerial Decree No. 14 of 2016 on controlling imported food for non-trading purposes in UAE were approved in 2016. This was followed by integrating a risk-based approach in the inspection activities, the launch of the National Rapid Alert System for Food in 2017, and the establishment of the National Food Accreditation and Registration System in 2018 that serves as an integrated smart platform for food products data [42] . The food safety control in the emirates of Dubai and Sharjah falls under the scope of the respective municipal authorities, whereas in the emirate of Abu Dhabi, Abu Dhabi Agriculture, and Food Safety Authority plays a central role to ensure food safety and guarantees that the food is fit for human consumption.
Another example is the government in Oman deciding to renew their food safety system. A study of the Omani system was conducted to evaluate the effectiveness of the current food controls in place for protecting public health from emerging biological and chemical hazards. The study survey was undertaken within the different food safety authorities in Oman to examine the different elements of the national food control systems in terms of their existing food control management, food legislation, food inspection, food analysis laboratories, and information, education, and communications. Officials from the different authorities were interviewed and results were captured in prepared questionnaires. Overall examinations of the challenges, strengths, and weaknesses of the existing system have been highlighted. The findings of the study indicate significant progress is being made and the creation by the government of a national Centre for Food Safety and Quality is a significant positive step [32] .
Recently, many countries have undergone reorganizations for their food safety control functions, the common feature was the assignment of control and monitoring of food safety along the food chain for a single agency. Currently, besides the NFSA, the region includes the following food safety regulatory institutions: Jordanian Food and Drug Authority (JFDA); Agence Nationale de contrôle Sanitaire et Environnemental des Produits (ANCSEP, Tunis, Tunisia); Office National de Sécurité Sanitaire des Produits (ONSSA, Rabat, Morocco); Ministry of Health (Abu Dhabi); and Saudi Food Drug Authority (Saudi Arabia).
Saudi Arabia has undergone a major transition from fragmented organizations to a centralized food safety administration, by establishing in 2003 the Saudi Food and Drug Authority (SFDA) as an independent body that directly reports to the Prime Minister and responsible to regulate, oversee, and control food, drug, medical devices, as well as set mandatory standard specifications for imported or locally manufactured products [25, 43] .
Despite the engagement of several MENA countries to consider a profound reform of their food safety systems, the situation is still far from being adequate since the time of the published report of FAO/WHO [44] . There are cases where laws and regulations are available, yet they are not enforced [8] and where violations and food outbreaks are handled with a punitive approach often overlooking investigation of the root causes which constitutes the basis for establishing national policies to reduce the likelihood of recurrence [45] . Food controls in the MENA countries are generally operating through a multi-agency approach, although few countries are outliers to this fact. Various ministries and municipalities in Algeria, Iraq, Egypt, Lebanon, Libya, Morocco, Syria, Oman, and Tunisia have overlapping responsibilities in food control [32, 35, 38, 44, [46] [47] [48] . The duplication of roles is often associated with conflicts over jurisdiction and a fragmented regulatory framework which leads to weak enforcement and inefficiency in identifying food safety issues, hence deterring any chance to advance towards effective preventive and science-based systems.
A typical example of a fragmented regulatory framework is Lebanon, previously mentioned as having passed a food safety law, but yet to be enacted. According to this new law, a Food Safety Lebanese Commission (FSLC) shall be created as the referral body to implement and oversee the regulations, and implementations [36, 47, 49] . However, the members of the FSLC have not been assigned to this date due to conflicts in ministerial roles and disagreements within the cabinet on developing an independent body, therefore the new law is not yet enforced [47, 50] . Currently, this issue is relegated to the minimum level of priorities of local authorities amidst the growing environmental problems and pollution and resulted in poor compliance with the international food safety standards and a poor regulatory framework (e.g., certification, quarantines, pesticide applications) which hinders expanded food trade [51] .
In Tunisia the food controls activities are coordinated by the National Agency of the Sanitary and Environmental Control of Products (ANCSEP) that was created in 1999 to ensure the observance of national and international standards in matters of sanitary and environmental food controls. Nonetheless, adequate food control management in Tunisia is deterred by some difficulties that were attributed by the Minister of Health to the lack of coordination between the different stakeholders, limited competent human resources and analytical capacity, and the legal and institutional framework that is scattered among several ministries. In addition, Tunisia, and that include other MENA countries, lack of a food risk assessment framework [35] .
The approach for these countries is different from food safety control management in Kuwait, Oman, and the emirate of Dubai in UAE. These give local municipalities a central role and authority power in executing the regulations [25] . In Kuwait, the food safety responsibilities are currently shared among the municipality, Ministry of Health, the Public Authority for Agriculture Affairs and Fisheries Resources, the Public Authority for Industry, the Ministry of Commerce and the Office of Consumer Protection [46] . Likewise, the regulatory enforcement is scattered and fragmented through different organizations in Oman resulting in unharmonized inspection procedures within the regions of the country and different levels of controls applied over the food produced domestically and those for export markets [32, 47] . Yet, with the Royal Decree that was issued in 2019 and approved the establishment of a national Centre for Food Safety and Quality (CFSQ) in Oman, it is anticipated that the implementation of quality and safety standards throughout the food supply chain shall be overseen under a unified system and standardized inspection procedures. The center will be equipped with laboratories to carry out all the various analyses for the protection of public health, licensing of food handlers, national capacity-building, as well as the implementation of scientific studies and research in all fields related to the safety and quality of food [32] .
The progress is quite mixed in the MENA region given the disparities in political and socioeconomic status. For example, in Iraq, the food control at the entry points is no longer enforced due to insecure conditions and customs facilities that were damaged during the war. In January 2019, a WHO mission assessed the food safety and quality in Iraq in response to the request of the Iraqi Ministry of Health and Environment. The resulting joint workshop on food safety and quality assurance indicated several food safety issues and recommended key elements to be addressed for an effective food safety system: Intersectoral coordination and implementation of laws and regulations, Emergency preparedness and response food safety policy, monitoring and surveillance system, a food safety control and inspection system, information and communication, human and financial resources [29] .
Also, in Palestine, significant operational weaknesses were recently discussed in a review and assessment of the legislation pertaining to food safety. The legal framework regulating food safety is fragmented functioning with no coordination among involved parties which leads to foodborne illnesses being unreported, improperly identified that the vast majority are attributed to unknown reasons. Not only the current food safety legislations are not harmonized with international standards, but also the absence of control over borders is leading to an immense problem of smuggled food products to the domestic market before being monitored by the Palestinian Ministries of Health and Agriculture [8] .
In principle, the establishment or update of national food control systems requires national authorities to reinforce their control activities by adopting a preventive approach to mitigate the risks across the food chain, developing science-based food control strategies, establishing priorities based on risk analysis and efficacy in risk management [17] . Governments should recognize the application of the HACCP approach by the food industry as a fundamental tool for improving the safety of food [17] . Although the Best Management Practices (BMP) and quality assurance systems such as HACCP have been introduced throughout the region, they are not fully integrated into the domestic inspection systems which continue to focus primarily on end-product control. In a number of countries, many industries apply HACCP and other quality management standards on a voluntary basis in order to improve food safety domestically as well as increase their share of export markets [35, 52, 53 ].
Surveillance, Food Monitoring, and Epidemiological Data
As indicated earlier, data on FBDs in the MENA region are limited, especially relating to surveillance practices. For instance, in searching the Sciencedirect database, the search keywords surveillance + the Middle East and North African countries + food outbreaks yielded 47 articles. Similarly, foodborne illnesses + surveillance + Middle East and North African countries produced 48 articles, from those and in both searches, only two research articles originating from Oman and Saudi Arabia were included for their relevance to the region and the subject. On the other hand, 10 articles were retrieved from PubMed out of which only three were relevant to the topic, hence considered in this review.
Apruzzese [54] also reported a low number of hits when searching for keywords on food safety in developing countries, which implies that developing countries are currently facing significant challenges in detecting foodborne outbreaks and/or in reporting outbreaks in publishable articles. Consequently, when foodborne outbreaks often go unrecognized, unreported or uninvestigated, building a scientific opinion on the risk profile of many countries becomes a complex task [55] .
Basically, the prevalence of FBDs in the MENA region is still generally not well understood because of the ineffective FBDs surveillance and many cases are perceived as mild and self-limiting or unverified due to gaps in detection, surveillance and reporting [32, 56] . According to the FAO report and available surveillance data, the available burden of FBD varied greatly among Arab countries, including those in the MENA region (Table 1) . However, some of these data are old and recent information is not available to show improvements or declines in the reporting system in all countries. For instance, the declining trend of reported outbreaks in Oman and Saudi Arabia [57] could mean fewer illnesses or less reporting of illnesses. In Lebanon, the surveillance data include reported cases related to mandatory notifiable diseases for at least the past 10 years. In other countries, some of the data were captured from research articles or published news.
For accurate data on the prevalence of FBDs, control laboratories should have both the resources, capacity, and capability to identify and detect the source of microbial hazards. This is particularly important in the light of the increasing risks and emerging threats to public health that occur in tandem with new food technologies, global food marketing and broad exposure of food products to hazards throughout the global food chain. According to literature and available information, reporting of foodborne illnesses is still ineffectively practiced and exact information on implicated foods are limited, notwithstanding few countries have the required resources to monitor and to advance the reporting of FBDs which is actually showing improvements in Jordan, Kuwait, Oman, Saudi Arabia, and UAE.
In Oman, promising developments are underway. Most of the regulatory laboratories have adequate infrastructure and well equipped to perform analytical tests essential for an effective food control system [58] . It is assumed that the slight increase in the incidences of FBDs in Oman in 2010 was linked to the strengthening of laboratories capacities, as they remained fairly constant between 1985 and 2013, noting that the cases peaked in the summer period as temperatures can reach an average 45 • C [32] . In addition, the Central Public Health Laboratory (CPHL) in the Directorate of General of Health Affairs of the MOH in Oman was identified as the coordinating laboratory for the regional collaborative surveillance network for foodborne infections known as the PulseNet Middle East. PulseNet Middle East is a network that is part of the PulseNet International network and was established by WHO, CDC, and the Naval Medical Research Unit Three (NAMRU-3) in December 2006 for molecular surveillance of foodborne infectious diseases to support the regional food safety plan and promote technical collaboration among countries. It includes public health laboratories and academic and medical institutions from 10 countries in the WHO Eastern Mediterranean Region (Bahrain, Iran, Jordan, Kuwait, Lebanon, Libya, Oman, Palestinian Authority, Qatar, Saudi Arabia). Participants perform pulsed-field gel electrophoresis (PFGE) on disease-causing bacteria isolated from patients by following standardized procedures strictly developed by CDC [59] .
PulseNet Lebanon was established in 2011 through the collaboration between the Epidemiological Surveillance Program (ESPMOH) at the Ministry of Public Health (MoPH), the Faculty of Medicine at the American University of Beirut (AUB), and the Lebanese Agricultural Research Institute (LARI) of the Ministry of Agriculture, with the support of WHO and US Centers for Disease Control and Prevention (CDC). Through this network, performing DNA fingerprinting patterns by pulsed field gel electrophoresis (PFGE) enabled the link between human foodborne illness and food source of infection in outbreaks. A total of 1747 cases including four deaths were reported to the Ministry of Public health between 2009 and 2013. Most reported suspected food products were ground raw meat (25%) and cooked chicken (11%) which match well with the Lebanese dietary habits that include raw meat [60] .
During this period, in a separate study, 290 clinical and 49 food isolates were identified as Salmonella [60] . Serotyping revealed the prevalence of ten and seven serotypes in the clinical and food samples, respectively. Fifty-one isolates from chicken ceca and carcass were identified to be Campylobacter spp. Fifty-nine samples were identified to be Listeria monocytogenes. The common serotypes isolated in both clinical and food samples were: Salmonella Typhimurium, Salmonella Enteritidis, Salmonella Braenderup, Salmonella Typhi, Salmonella Paratyphi A, Salmonella Blockley, and Salmonella Newport [60] . The same study showed that the 2011 Salmonella Typhi outbreak in Nabatiyeh (south of Lebanon) was traced to raw meat and Enteritidis in Mount Lebanon was traced to Arabic sweets, while the 2009 incidence of salmonellosis was associated with the consumption of undercooked chicken products at a bank cafeteria [61] . It is reported that 48% of shawarma sandwiches in Lebanon were contaminated with Salmonella Paratyphi [62] .
There are no published data on the FBD of other PulseNet member countries. That is probably due to the fact that the certification of laboratories has lapsed because of inactivity over a two-year period, and the membership criteria and procedures had never been formalized, resulting in some member countries being dropped from PulseNet [59] . Nonetheless, NAMRU-3 has provided training for laboratorians in Jordan, Palestine, Lebanon, Egypt, Morocco, Libya, Kuwait, and Iran since 2007, and recently in 2014 for Iraqi scientists (although Iraq is still not a member of this network) on the use of PulseNet, but they were still expected to get the correct equipment before they would be able to implement the program [63] .
Similarly, the improvement in laboratory capacities in Saudi Arabia reflected an increasing number of food poisoning cases that are attributed to norovirus [43] . In 2006, 31 foodborne illness outbreaks were attributed to Salmonella spp., followed by Staphylococcus aureus and often related to the consumption of Mediterranean meat sandwiches [64] . Salmonella, Staphylococcus aureus, E. coli, Bacillus cereus, and Shigella were major causative agents linked to 16 reported in earlier outbreaks in 2003 [57] and staphylococcus aureus was associated with 41% of bacterial food poisoning cases [65] . In general, gastrointestinal infections are frequent in this region primarily caused by Salmonella spp., followed by Shigella spp., and other pathogens including hepatitis A virus and parasites. Unpasteurized dairy products were implicated in FBDs reported in Algeria, Jordan, Kuwait, Oman, Saudi Arabia, Lebanon, the Palestinian Authority, and Syria [57, 71, 72] . Recent data from Oman showed that Salmonella was the most common cause of FBD, often linked to the consumption of commercial meat products [32, 64] .
To prevent foodborne illnesses, the Dubai municipality's food safety department made a significant improvement to the strategic control plans by building a comprehensive database and statistics on foodborne illnesses that will help to develop food legislation in collaboration with the US Centers for Disease Control and Prevention (CDC) [45] . With a specialized team that includes trained experts from the CDC and WHO, 57 hospitals and clinics were trained on the procedures of monitoring and investigating disease transmission [73] . Data from the first foodborne disease investigation and surveillance system in Dubai revealed 1663 cases reported in the first nine months of 2011 while the number of confirmed cases was not still declared at that point in time [74] . Similarly, in 2013, over 1120 cases of suspected FBD were reported, half of them (550 cases) was not confirmed [56] . Among the verified cases, 214 and 137 cases of amoebic dysentery and typhoid/paratyphoid were confirmed, respectively and 43 cases of hepatitis A. Twenty and 10 cases of giardiasis and shigellosis were reported, respectively. E. coli and Campylobacter species were confirmed each in one case, and 3 cases were related to Campylobacter jejuni, and five cases to bacillary dysentery (likely unconfirmed Shigella infections) [68] .
The climate in most if not all of the MENA countries are characterized by high summer temperatures, and the GCC countries have longer periods of hot days. Therefore, it is expected to observe higher cases of food poisoning during the very warm seasons. Inadequate time intervals/storage temperature constitutes a common risk factor for food poisoning and is reportedly behind more than 800 cases of food poisoning in Dubai during the first half of 2018 with 200 cases being caused by Salmonella and the rest remained unverified [69] and 64.5% of food outbreaks reported in Saudi Arabia in 2006 [64] .
Data from Cairo, Egypt, and Morocco are sparse. In the latter, the consumption of sausage products contaminated with C. botulinum resulted in 78 cases and 20 deaths [75] . In 2017, a food outbreak occurred in Meknes at a familial dinner, 9 individuals were hospitalized. Clinical signs suggested the implication of Staphylococcus aureus [76] . In Cairo, the outbreak of foodborne botulism in 1991 was associated with the consumption of faseikh (a commercial raw salt fish) resulting in 91 cases and 18 deaths [77] . In 2013, 160 university students were reported ill after eating tuna-containing meals on campus. This was followed two years later by hundreds of students in the same university who fell ill after eating food contaminated with Salmonella [78] . In 2017, hundreds of schoolchildren were admitted to hospital in a suspected mass food poisoning.
Recently, the Minister of Health in Tunisia revealed that the number of cases of food poisoning increased from 1015 cases in 2017 to 1855 cases in 2018 [35] . These reports or other news published information rarely identify the causes of foodborne illnesses. For instance, incidences of tourists contracting FBDs when visited resorts in Turkey and Egypt were usually of unknown origin but eventually linked to poor hygienic conditions and often solved by filing lawsuits against the resorts [4] .
Closure of food facilities following publicly reported food poisoning, intentional adulterations, and violations come often with no further and exact investigation of the source of causative agents to devise adequate risk management strategies. Unawareness and underestimation of food safety risks by policy decision-makers hinder progression in risk management in the region. The Director of the Department of Communicable Diseases in Jordan stated that the poisoning cases in the Kingdom are "normal" and caused by improper handling of food or washing of vegetables and fruits or for lack of personal hygiene [67] . According to the Ministry of Health's epidemiological monitoring report of the Directorate of Communicable Diseases in Jordan, the Ministry of Health receives daily reports of food poisoning, but few have been confirmed, and the reported cases are significantly higher than those reported by the epidemiological department of the Directorate of Communicable Diseases. Thirteen incidents have been recorded since the beginning of 2014 till October of that same year with 250 people fell ill. In the northern Jordan Valley, a food outbreak led to 133 hospitalized and was attributed to "eating spoiled foods". The earlier year also witnessed the high number of food poisoning with a total of 247 reported cases in different regions followed by shigellosis affecting 145 people and salmonellosis in norther Jordan Valley affecting 147 people.
In 2011, 410 cases of food poisoning in Tunisia were attributed to Salmonella spp. Yet, a senior officer responsible in the Ministry of Health considered the pathogen was not dangerous, and the health impact would be limited [79] . Later, in response to a nation-wide scandals of expired meats and food products in the market and illegal use of raw sewage in fresh produce irrigation, it was ascertained that the rising number of food poisoning cases among university and school children resulted from consuming spoiled food products, with no reference to causative agents, but possible implication of mishandling practices during preparation or processing. The member of the Committee on Agriculture (Agriculture), food security, trade and services in the Tunisian Parliament indicated that the suitable approach that is being discussed in the parliament is strengthening penalties up to 7 years imprisonment and fines of about $70,000 USD in case of food safety violations and creating a unified legal framework [80] .
These gaps in information call for concerted efforts to enhance the surveillance system in the region [32, 81] mainly in countries where available laboratory analytical support for public health agencies is often minimal or lacking, even though some research institutions may have up-to-date equipment and technical expertise [4] . Addressing other challenges resulting from the lack of harmonization of methods and techniques, non-existing coordination among the different laboratories, and limited training on advanced methodologies and techniques are key for improving the surveillance mechanisms [25] .
There are continuous efforts for strengthening the capacity of analytical laboratories and the enhancement of their infrastructure [32, 35, 40, 82] , albeit rather slowly and the realizations and achievements in capacity building are seemingly possible with supports of international bodies [59, 82] . The poor performance for prevention and control of FBD and slow progress towards the five main elements of a National Food Safety Control System for most of the MENA countries may be ascribed to a lack of commitment to advance and further the surveillance program through improved communication, particularly risk communication and conducting periodical PulseNet training courses in the Region tailored to the level of PulseNet laboratory capacities of the participating countries [59] .
Nevertheless, with the mission to establish a regional, laboratory-based surveillance network on foodborne diseases, the Middle East Consortium on Infectious Disease Surveillance (MECIDS) was formed in 2002 with representative members of the ministries of health and academia in Jordan, the Palestinian Authority, and Israel. The main function of MECIDS was to develop harmonized methodologies and laboratory capacities and to establish a common platform for communication, data sharing and analysis, and coordination of intervention strategies. This was considered a major step towards assessing the burden of foodborne diseases in the region with data collection starting in 2005 and the surveillance of salmonellosis being the first to target. The microbiological laboratories were selected to form the network of sentinel laboratories covering the different districts of each country and one laboratory was designated as the National Reference Laboratory (NRL). Data analysis units have been established to manage the data and serve as a central point of contact in each country, while the regional data analysis unit, the Cooperative Monitoring Centre (CMC) is located in Amman, Jordan and assigned as the regional unit for sharing data from the national systems. MECIDS has also served in capacity building of its members through joint training courses on interventional epidemiology and laboratory technologies [83] .
Capacity building of surveillance laboratorians is important in the region to keep up with the fast-paced advancement in analytical methods, such as the whole-genome sequencing (WGS). WGS is already a routine tool used in epidemiological investigations of foodborne outbreaks to identify and characterize pathogens in developed countries [84] . It is considered a novel analytical technology that brings major public health benefits by minimizing the scale of the outbreaks and preventing recurrence of the problem from the same source [85] , and for its suitability to identify virulence, antimicrobial-resistant strains and other emerging new foodborne pathogen strains [86] . According to Apruzzesse [54] , while incorporation of WGS into regulatory frameworks in developed countries has demonstrated its effectiveness in food safety management, there was no data that confirm or indicate the incorporation of the WGS into the national food control systems in any developing country which was further confirmed by the focus group session with experts from developing countries. The focus group included only Ghana, Iran, the Philippines, Sudan, Tanzania, and Thailand and the limitations were mainly related to IT-related issues, lack of knowledge and vision at governmental levels.
We may only assume a comparable situation in some MENA countries given the lack of published data and studies. The 2018 Workshop on the coordination and capacity-building of the PulseNet Middle East laboratory network reviewed the current status of foodborne disease surveillance activities of the member countries. Countries were classified into three tiers based on their level of implementation and related needs. Tier 1 (Iraq, Libya, Pakistan, and Sudan) comprises countries that are just starting molecular surveillance and therefore need either PFGE equipment or BioNumerics software, or both, along with personnel training on how to perform PFGE and analyze the results. Tier 2 (Egypt, Islamic Republic of Iran, Jordan, Kuwait, Morocco, Palestine, and United Arab Emirates) consists of countries that have all necessary equipment and software, and experience with PFGE, but no plans yet of switching to WGS (even though the Dubai municipal laboratory in the UAE has capacity for WGS); these countries are most in need of training on BioNumerics software and certification. MENA counties need to consider WGS to be able to monitor and report on FBD surveillance leading to better prevention and control strategies. And in fact, the countries of Tier 3 (Bahrain, Lebanon, Oman, Saudi Arabia, and Qatar) are working towards the establishment of WGS and need advice and support for obtaining equipment, upgrading BioNumerics software and staff training on WGS [59] . However, unless food safety policies and NFCS function properly, WGS may not be the most effective tool. Besides the need to provide technical capacities, the involvement of government officials who have an understanding of how WGS works are the key factor for its implementation [87] .
Food Inspection
The administration and implementation of food laws require a qualified, trained, efficient, and honest food inspection service [17] . Inspectors are expected to have an adequate understanding of the different steps of food production and the associated hazard. They should be trained to inspect food facilities and processes for compliance with hygienic and other requirements of standards and regulations, sample food during harvest, processing, storage, transport, entry-points, and make informed decisions on the suitability and compliance of food products. Skilled inspectors should be trained to be able to recognize, collect, and transmit evidence in the events of unlawful practices and violations to law.
Despite relative improvements and reform in the regulatory framework of some countries, the food control system suffers dysfunctionalities that weaken the oversight along the food chain. It is common to find different agencies (ministries and municipalities) in the same country share inspection responsibilities which create overlapping functions [32, 47, 75] . Deficits in skilled inspectors, different level of inspection scrutiny giving less weight to the safety of domestic products than those for exports and disparity in inspection frequencies across different areas with relative absenteeism of oversight in rural areas is also a common feature in the way food control functions in the MENA countries [32, 47, 81, 88] . In Countries of the Eastern Mediterranean Region which include those in the MENA and Arab speaking countries, an inspection of restaurants is erratic, uneven, and covers major cities only but not rural areas [89] . In Tunisia, the private Good Agriculture Practice certification or International Organisation for Standardization (ISO) 22,000 is obligatory for all exporters to the EU, but not for domestic production [53] and this applied to other countries in the Middle East where the same standards are not always applied to control the safety of locally produced and imported food [90, 91] .
Recently, the responsible office for inspection in Morocco ONSSA received strong criticisms for overlooking the inspection and food safety monitoring activity the different nodes of the food chain, particularly the wholesale fruit and vegetable markets, and abattoirs. The office was held responsible for the unlawful practices of pesticides and the serious failure in hygiene recorded in the abattoirs (Kesrawi, 2019). Lack of coordination between stakeholders involved in food control and limited staff capacity do not commensurate with the size of the tasks entrusted to ONSSA. However, the 2018 report from Morocco's court of auditors indicated that products for exports were subjected to stricter control of pesticide residues than those distributed in the domestic market [88] . In addition, the reports stated that the borders were not effectively controlled which led to smuggling livestock and agricultural pesticides. The misuse of pesticides and fertilizers is common in Lebanon, Kuwait, and Qatar, Egypt, Jordan, and Oman [52] . The practice often escapes the oversight of local authorities until brought up in media as a result of end-product sampling or published reports of consumer protection associations. Inspection activities in the majority of the MENA countries follow a reactive approach relying on end-products sampling, focusing on sanitation, personal hygiene, food labels instead of risk-based preventive approach which is, as far as the available information, not enforced or embedded in national standards [25, 32, 47, 53, 81, 92] .
In Oman and its neighboring countries, it is also reported that the number of qualified inspectors is limited and scattered in different organizations with a lack of coordination and duplication of duties and responsibilities [25] . Very few food inspectors in Oman and Kuwait have higher education degrees in sciences or related fields, while the majority have secondary school diplomas [32, 81] . On the contrary, the European Commission report concluded that the inspectors in Tunisia generally had a university degree and one inspector at the time of the audit visit, had participated in several Better Training for Safer Food training sessions concerning food safety [53] .
Other recent changes focused on enhancing the inspection functions of imported goods. Egypt implemented the standardization of the inspection controls to determine the safety and quality of imported grains which have a significant contribution to food security [39] and the GCC Ministers in charge of Food Safety adopted the Guide for Control on Imported Foods in the GCC region. The guide provides science-based import control systems and clearance procedures that are applied based on potential risks to consumers and emerging risks. Providing qualitative risk ranking of imported goods, the guide describes principles and regulatory requirements to be applied by the exporting country and the importing GCC countries in assuring the safety and suitability of shipments of imported food [93] .
Communication, Education, and Training
The communication with stakeholders across the food chain is important in order to share and deliver information and advice on food safety issues and emerging risks. The communication activities range from providing science-based and accurate information to consumers, educational and extension services to food producers and processors, training health workers, to providing educational programs to key officials in the local authorities responsible for food control activities and surveillance. The specific training needs of food inspectors and laboratory analysts should be set as a high priority for food control activities and as means to enhance the food control expertise which will serve an essential preventive function [17] .
Food safety training programs targeting the food industry and food inspectors have been in place for several years in different countries of the MENA region such as Palestine, different emirates in UAE, Jordan, and Lebanon, sometimes initiated in response to major incidences of food poisoning and scandals. Nonetheless, the impact and outreach of these programs are generally limited [92, [94] [95] [96] . Like in other developing countries and unlike the developed countries, the government of the MENA countries is generally not involved in developing and making available training packages or guidance documents for the industry and regulatory officers. In some countries (Lebanon, Jordan, Dubai, and Egypt), these activities are to a large extent initiated and taken over by the private sector, chamber of commerce, non-governmental organizations, funded programs by international organizations and industry or trade associations which provide the food industry with the basic and advanced knowledge in food safety and HACCP.
The contribution of these private sector's programs to fostering consumers' protection and ensuring safe handling of food relies on the quality of the educational and training programs, the enforcement of the law but also the programmed outreach which may be in some cases limited to a geographical area and to targeting audiences with financial capabilities. Whether these programs were effective in promoting safe practices or followed by refresher programs has not been reported in literature for the MENA countries except Lebanon where the food safety knowledge of privately and voluntarily trained food handlers was significantly higher than the untrained, yet trained food handlers did not report an appropriate level of safe practices in the kitchen. It is documented that food safety knowledge declines over time with no refreshing training [97] . Researchers' attention and focus on this area are growing in the region as more studies were recently published on the food safety knowledge of food handlers in the food or health sector [98] [99] [100] [101] [102] . This is quite important for they revealed the importance of food safety education and identified areas where the public sector and relevant health authorities should be engaged to promote awareness in food safety. However, these remain quite a few in comparison to a large number of publications from the developed countries.
Collaborative and funded programs have also taken place to support staff capacity building. The JFDA conducted training for food technicians in the State of Palestine on food safety control and inspection procedures through the different phases of food production followed with the practical application of the latest methods of food inspection [92] . Probably one of the most important educational activities that will serve as a roadmap toward establishing an appropriate risk management system is the on-going capacity building program on food risk assessment conducted by the project "Enhancement of Regional Trade Capacities in Food Through a Harmonized Regional Conformity Assessment and Food Safety Systems in Countries of the League of Arab States" known as the Arab Food Safety for Trade Facilitation Initiative or SAFE [82] . SAFE is a regional capacity development initiative funded by the Government of Sweden's International development agency (Sida) and implemented by the United Nations Industrial Development Organization (UNIDO) in partnership with the League of Arab States (LAS) and its specialized organizations the Arab Industrial Development and Mining Organization (AIDMO) and the Arab Organization for Agricultural Development (AOAD) [41] .
Twelve (12) Arab food risk assessors (the first cohort of SAFE trainees) from 10 Arab countries which include Lebanon, Jordan, Egypt, Morocco, and Saudi Arabia have completed the second part of the tailored competency enhancement program in food risk assessment implemented by SAFE in collaboration with the French Agency for Food, Environmental and Occupational Health and Safety (ANSES) and Laval University (Quebec, QC, Canada). The program was designed by 10 scientists and experts to address the needs of the Arab region and to support science and risk-based regulatory decisions [82] . Moreover, Egypt established in 2004 the Egyptian Food Safety Information Center, Food Technology Research Institute, and Agricultural Research Center in endeavors to build up scientific body capable of handling and analyzing the risk identification in relation to foodborne disease data [38] .
Regional conferences such as Oman Food Safety Conference organized by the Muscat Municipality, Ministry of Agriculture and Fisheries Wealth, Ministry Of Regional Municipal and Water Resources, and the Ministry of Commerce and Industry, and Dubai International Food Safety Conference are gaining momentum as the scientific platforms for sharing best practices, information, education, and communication among the various regional and international stakeholders. These forums play a key role in promoting food safety and initiating collaborative projects between the region and international societies.
Conclusions
Several countries in the MENA region have made substantial efforts in improving their food safety systems and in some cases, in unifying the food control activities under one central agency. However, many challenges are still encountered due to ineffective surveillance systems, lack of communication among stakeholders, and limited, sometimes absent, food control functions along the food supply chain. MENA countries have limited capacity to enforce the law and implement food safety policies on a large scale and foster inter-communications among stakeholders. On the whole, the transition we witness in the region, although happening in slow steps, is promising but often shadowed by international organizations and institutions such as the CDC, WHO, and others.
Overall, existing information reflects that food control systems are not yet founded on scientific understanding of current risks and fall short in human resources and sometimes in skillful inspectors. At the same time, scattered reports or news on food poisoning suggest that the prevalence of foodborne diseases could be much more than what is actually reported and published. There is an extensive shortage of scientific data and information on foodborne diseases, etiological agents and causative factors to fully evaluate the food safety problems and their burdens in the region. These are instrumental for identifying common hazards, risk communications and for focusing resources and drafting policies to control the risks of high concerns.
An effective prevention of foodborne diseases requires (1) the government officials in the MENA countries to recognize that food safety is a priority and an important public health issue, (2) enhancement in communication and collaboration among the different agencies and food chain stakeholders, (3) to focus on more research and scientific outputs to understand the local food chain dynamics and bridge the gaps with the surveillance systems, (4) to further the capacity building programs and improvements in the NFCS that are based on the risk-based approach.
Limitations
The main limitation of this paper is the unavailability of enough data to maintain a conclusive statement on the current conditions of the food safety governance in the region. More information and knowledge about recent developments could have been obtained by organizing a focus group of experts and representatives from relevant ministries. It is important to consider direct meetings and interview with concerned stakeholders for future work on this area to allow for a better understanding and robust analysis of the national food control systems.
In addition, Syria, Yemen, and Libya were excluded due to scarce data while also in some parts of the review, we tended to focus on selected countries depending on the availability of information pertinent to each section.
